New mesoionic 4-(2-dialkylamino-1,3-dithiol-2-ylium-4-yl)phenolates have been obtained from the corresponding 1,3-dithiolium salts under weak basic conditions. The 1,3-dithiolium salts have been synthesized by the cyclocondensation of 1-(4-hydroxyphenyl)-1-oxaethan-2-yl dithiocarbamates. The latter compounds have been obtained from the reaction of the 2-bromo-1-(4-hydroxyphenyl)ethan-1-one with various salts of dithiocarbamic acids. UV-Vis investigations proved the intramolecular charge transfer for the mesoionic 1,3-dithiolium phenolates.
New mesoionic 4-(2-dialkylamino-1,3-dithiol-2-ylium-4-yl)phenolates have been obtained from the corresponding 1,3-dithiolium salts under weak basic conditions. The 1,3-dithiolium salts have been synthesized by the cyclocondensation of 1-(4-hydroxyphenyl)-1-oxaethan-2-yl dithiocarbamates. The latter compounds have been obtained from the reaction of the 2-bromo-1-(4-hydroxyphenyl)ethan-1-one with various salts of dithiocarbamic acids. UV-Vis investigations proved the intramolecular charge transfer for the mesoionic 1,3-dithiolium phenolates.
Keywords: hydroxyacetophenones, dithiocarbamates, 1,3-dithiolium salts, mesoionic compounds, UV-Vis spectroscopy Heterocycles represent a unique class of compounds that exhibit a large range of applications [1] [2] [3] . Along with a wide variety of the applications in material chemistry, heterocyclic compounds also exhibit strong implication in therapeutics [4] [5] [6] [7] [8] [9] [10] . A special interest has attracted the nitrogen or/and sulfur containing heterocyclic compounds [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] . Among these compounds 1,3-dithiolium derivatives have received a particular interest, especially due to their reactivity at the C(2)-position towards nucleophiles [29, 30] . Furthermore, 1,3-dithiolium salts are also important precursors in the synthesis of tetrathiafulvalenes, that are used as good π-electron donors in obtaining organic metals. Recent studies highlighted the role of tetrathiafulvalenes as donor groups in intramolecular charge-transfer complexes [31] . In this context, a variety of acceptor units has been investigated, special attention being devoted to the nature of cationic systems. Thus, particular attention has been paid to the systems where the donor moiety is linked through a πor σ-bonded bridge to the acceptor moiety [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] . Recently, new evidences for the mesoionic character of 2-(1,3-dithiol-2-ylium)phenolates (Iasinones) have reported reported [45, 46] . These data have been obtained from bromination * email: valeriulupu@yahoo.com reactions of the 1,3-dithiolium ring. Prompted by these previous findings we report here the synthesis of a new series of mesoionic 4-(2-dialkylamino-1,3-dithiol-2-ylium-4-yl)phenolates. These compounds are also of biological interest; their biological activity will be investigated in the future.
Experimental part Analysis methods
Melting points were obtained on a Mel-Temp II apparatus. IR spectra were recorded on a Bruker Tensor 27 instrument. UV-Vis spectra were recorded on a Varian BioCarry 100 Spectrophotometer. NMR spectra were recorded on a Bruker DPX-300 Spectrometer. Chemical shifts are reported in ppm downfield from TMS. Elemental analyses (C, H, N and S) were conducted using a CE440 Elemental Analyser; the results were found to be in good agreement (±0.31%) with the calculated values.
Synthesis
The synthetic pathway for the synthesis of carbodithioates 2a, b and 1,3-dithiolium derivatives 3a, b is described in scheme 1. To a mixture of sulfuric acid (98%, 2 mL) and glacial acetic acid (6 mL), 1-(4-hydroxyphenyl)-1-oxaethan-2-ylmorpholine-4-carbodithioate (2d, 2 g, 6.7 mmol) was added in small portions. The reaction mixture was heated at 80°C for 10 min. The reaction mixture that solidified on cooling was washed with ether, filtered and dried off. Recrystallization from aqueous sulfuric acid (1N, 100 mL) gave colorless crystals; yield 2.23g (88%). Analytical and spectral data of 1,3-dithiolium hydrogen sulphates 3 are presented in table 1.
4-(4-Hydroxyphenyl
To a mixture of sulfuric acid (98%, 1 mL) and glacial acetic acid (3 mL), 1-(4-hydroxyphenyl)-1-oxaethan-2-ylmorpholine-4-carbodithioate (2c, 1 g, 3.3 mmol) was added in small portions. The reaction mixture was heated at 80°C for 10 min and then HClO 4 (70%, 0.5 mL) was added. After cooling, methyl acetate (100 mL) was added and the precipitate was filtered and dried off. Recrystallization from ethanol (50 mL) gave colorless crystals; yield 1.11g (87%). Analytical and spectral data of 1,3-dithiolium hydrogen sulphates 4 are presented in table 2.
4-[2-(Piperidin
To a saturated sodium hydrogen carbonate solution (20 mL), 1,3-dithiolium perchlorate 4c (1 g, 2.6 mmol) was added. Carbon dioxide evolved and the reaction mixture became yellow. After 2 h under vigorous stirring at room temperature, the yellow solid was filtered off, washed with water, and dried. Recrystallization from ethanol gave yellow crystals; yield 0.73 g (100%). Analytical and spectral data of 1,3-dithiolium phenolates 5 are presented in table 3.
Results and discussions
The synthesis of 4-(4-hydroxyphenyl)-2-(N,Ndialkylamino)-1,3-dithiolium salts can be easily accomplished by the cyclization of the corresponding N,Ndialkylamino carbodithioates. The latter compounds are easily available from 4-hydroxyacetophenone, following a two step synthetic procedure. The synthesis of 2-bromo-1-(4-hydroxyphenyl)ethan-1-one (1) has been accomplished by the selective monobromination of the side chain. This reaction has been performed using the molecular complex of bromine with dioxane [47] . Although this reagent has been often employed in mild and selective bromination reactions [48] , there are some difficulties on isolation and handling of this compound [49] . In order to avoid these problems we performed the selective side chain bromination of 4-hydroxyacetophenone using in situ obtained molecular complex of bromine with dioxane. Thus, one equivalent of bromine was mixed with one equivalent of dioxane and to the resulting solid dry dioxane was added until complete dissolution. This solution was added dropwise at room temperature to a solution of one equivalent of 4-hydroxyacetophenone in dioxane.
The treatment of 2-bromo-1-(4-hydroxyphenyl)ethan-1one (1) with various salts of dialkyldithiocarbamic acid, compounds that are readily available from the reaction of secondary amine with carbon disulfide [50], provided N,Ndialkylamino carbodithioates 2. While the synthesis of phenacylcarboditioates 2a-c has been previously reported [32] , 1-(4-hydroxyphenyl)-1-oxaethan-2-yl-morpholine-4carbodithioate (2d) has been synthesized from the reaction of 2-bromo-1-(4-hydroxyphenyl)ethan-1-one (1) with morpholinium morpholine-4-carbodithioate. The structure of dithiocarbamate 2d has been proved by analytical and spectral data. The 1 H NMR spectra indicate the signals corresponding to the methylene groups in morpholine moiety (3.74 and 4.13 ppm). 13 C NMR spectra indicate the appearance of additional signals above the 190ppm, attributed to the thiocarbonyl group.
Using a concentrated sulfuric acid-glacial acetic acid (1:3 v/v) mixture [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] the cyclization of dithiocarbamates 2a-d takes place under mild reaction conditions (scheme 1). After 10 min at 80°C the 1,3dithiolium salts have been obtained as hydrogen sulphates 3 or perchlorates 4, depending on the experimental procedure. These compounds have been obtained as colorless crystals, in good to excellent yields (table 1 and 2). The cyclization of dithiocarbamates 2 was accompanied by important spectral changes. The IR spectra revealed the disappearance of the absorption band corresponding to the carbonyl group (ca. 1650 cm -1 ) and the presence of new, strong and broad absorption bands at ca. 1100 cm -1 , corresponding to the hydrogen sulphate or perchlorate anions. Heterocyclization of dithiocarbamates 2 is also supported by the NMR spectra. Thus, the 1 H NMR spectra of 1,3-dithiol-2-ylium hydrogen sulphates indicate the absence of the a-carbonyl hydrogens from compounds 2 (ca. 4.8 ppm). 13 C NMR spectra also support the synthesis of 1,3-dithiolium salts 3 and 4 by the disappearance of the carbonyl and thiocarbonyl carbon atoms present in the dithiocarbamates spectra and the appearance of a new signal at a very low field (186ppm) which correspond to the electron deficient C(2) atom. Treatment of hydrogen sulphates 3, under heterogeneous conditions, with saturated aqueous sodium hydrogen carbonate solution provides 4-[2-(N,Ndialkylamino)-1,3-dithiol-2-ylium-4-yl]phenolates 5 in quantitative yields as yellow compounds (scheme 2). The molecular structure of the new compounds was proved by analytical and spectral data (table 3) and by the following chemical transformation: treatment of an acetone suspension of the mesoionic compounds 4 with sulfuric acid regenerates the 1,3-dithiolium hydrogen sulphates 3 in quantitative yields (scheme 2).
As mentioned before, phenolates 4 have been isolated as yellow products that present the features of mesoionic compounds [61] . The presence of a hydroxy substituent in the para-position induces an extended delocalization of the negative charge up to the C(4)-C(5) bond of the dithiolium ring (scheme 3).
In a previous paper [32] , the comparative study of UV-Vis absorption spectra of 2-, 3-, and 4-[2-(pyrrolidin-1-yl)-1,3-dithiol-2-ylium-4-yl]phenolates has shown that the yellow color of the above zwitterionic compounds is due to a charge transfer between electron-rich and electrondeficient regions of the molecules and not to the contribution of quinoid structures in the ground states. The intramolecular nature of the charge-transfer band was proved by measurements at different concentrations. Investigations of UV-Vis absorption spectra of mesoionic phenolates 5 confirm the previous findings ( fig. 1 ).
While the intramolecular charge-transfer UV-Vis absorption of such chromophores results from a charge transfer from the HOMO of the donor part to the LUMO of the acceptor part, the electronic effects of the substituents on the extended delocalization of the negative charge should result on a HOMO orbital of lower energy. Thus, the presence of phenolic substituent at the para position to the 1,3-dithiolium ring results in an extended conjugation that Scheme 3. Extended delocalization charge in mesoionic phenolates 5 prompted an enhancement of all absorption bands and the appearance of a new absorption band at 290 nm. The charge transfer absorption band of mesoionic phenolates 5 (370 nm) is overlapped by the large absorption band centered at 335 nm. As a result of the extended conjugation, the spectrum of mesoionic phenolate 5c indicates a new absorption band at 295 nm that belongs to the contribution of the para-quinoid structure to the real state of the molecule (scheme 3).
Conclusions
New mesoionic 4-(2-dialkylamino-1,3-dithiol-2-ylium-4yl)phenolates have been synthesized by the heterocondensation of the 1-(4-hydroxyphenyl)-1-oxaethan-2-yl dithiocarbamates. The latter compounds have been obtained from the reaction of the corresponding substituted 2-bromo-1-(4-hydroxyphenyl)ethan-1-one with various salts of dithiocarbamic acids. UV-Vis investigations proved the intramolecular charge transfer for the mesoionic 1,3dithiolium phenolates 5 and also revealed a para-quinoid structure for these compounds.
